There is a need to re-evaluate the residues generated in industrial processes for the production of new raw material, reducing the volume of waste. In this regard, the biosorption is a low-cost alternative method for treating effluents compared to conventional methods. The main objectives of this research were: the evaluation of the biosorbent capacity of six waste materials for the extraction of chromium(VI) and lead(II) ions from aqueous solutions and, the determination of the adsorption and kinetic parameters for the more efficient system. The materials evaluated were: peanut shell (Arachis hypagaea), sugarcane bagasse (Saccharum officinarum), avocado peel (Persea americana), pecan nutshell (Carya illinoinensis), wheat bran (Triticum aestivum) and banana peel (Mussa paradisiaca). The highest percentage of lead removal was obtained with wheat bran (89%). For chromium, the percentage was generally much lower compared with lead for all tested biosorbents, the banana peel being the most efficient with a 10% removal. The models that better describe the adsorption processes were: Langmuir and Freundlich. The pseudo-second order kinetic model allowed obtaining the parameters for both systems. The equilibrium time, in both systems, was reached after 60 minutes. The study of Fourier Transformed Infrared spectra and the results of desorption experiments allowed to hypothesize on the mechanisms involved in the adsorption of these metals.
INTRODUCTION
Reusing industrial wastewater is often precluded due to high levels of toxic substances that may be present depending on the type of industry. Heavy metals such as chromium and lead are highly toxic and have high persistence in the environment [1] , their threats are multiplied as they can bio-accumulate in organisms of lower trophic levels, and reach its bio-magnifications [2] . This has direct implications on the ecosystem and the health of populations not directly exposed to contaminated water [3] .
Lead is widely used in the manufacture of batteries and accumulators, in the manufacture of pigments and paints, in the petrochemical industry as a stabilizer for plastics and as a detonator for explosives, among other applications [4] . Lead is considered a possible carcinogen in humans [5] .
Chromium is mainly used in the metallurgical industry, as it provides corrosion resistance and a shiny finish, also it is used in leather tanning and in production of paints and pigments. As ore, chromite is used in molds for the production of refractory material [6] . There is sufficient evidence to state that Chromium(VI) [Cr(VI)] is carcinogenic to human [7] . For these reasons Argentine legislation considers them as hazardous substances and regulates the content of metals both in the discharge of effluents as in drinking and irrigation water [8] .
The development of new technologies with low environmental impact to eliminate or recover heavy metals is of critical value. There is also a need to re-evaluate the residues originated in industrial processes for the production of new raw material, reducing the volume of waste. In this regard, biosorption is an alternative for treating effluents with lower costs compared to conventional techniques [9] . The development of low environmental impact remediation methods that allow the removal or recovery of heavy metals is of crucial value [10] . In addition, there is a great need to value the waste originated in industrial and agricultural processes, as goods for the manufacture of new raw material, thus reducing the volume of waste [11] . The principal parameters needed in finding of the best adsorbent for treating heavy metals in wastewater are the availability and the cost effectiveness [12] .
Numerous works using agroindustrial waste have been published [13] . The capacity of these materials to concentrate contaminating metals of the water in their structures is remarkable [14] . Studies of the mechanisms for adsorption are being made continuously in order to understand and predict their adsorption capacity, efficiency and regenerability. Marigold flowers [15] , bay leaves [16] , different lignocellulosic materials [17] , seaweeds [18] , neem bark [19] , rice flour and starch [20] were used as biosorbents. The common feature of these residues is the presence of natural biopolymers in their structures such as alginate, cellulose, hemicellulose or lignin which are characterized by the presence of different functional chemical groups, mainly carboxyl, hydroxyl or amine. These surface chemical groups play a key role in the adsorption of contaminants [21] .
The main objectives of this research were:
• The evaluation of six waste materials for the extraction of Cr(VI) and Lead(II) [Pb(II)] ions from aqueous solutions;
• The determination of the adsorption and kinetic parameters of the most efficient systems, in order to lay the foundations for the design of treatment reactors with these adsorbents. The agroindustrial wastes evaluated were: peanut shells (Arachis hypagaea), sugarcane bagasse (Saccharum officinarum), avocado peel (Persea americana), pecan shell (Carya illinoinensis), wheat bran (Triticum aestivum) and banana peel (Mussa paradisiaca).
The highest percentage of lead removal was obtained with wheat bran (89%). The percentage of chromium removal was generally much lower with all tested biosorbents, the most efficient being banana peels with a 10% removal. The models that better describe the adsorption processes were: Langmuir and Freundlich. The pseudo-second order model allowed obtaining the kinetic parameters for both systems. The equilibrium time, in both systems, was reached after 60 minutes. The study of Fourier Transformed Infrared (FTIR) spectra and results of desorption experiments allowed to hypothesize on the mechanisms involved in the adsorption of these metals.
MATERIALS AND METHODS
Samples of the biosorbent materials were washed with distilled water and dried at 110 °C to constant weight. Subsequently the dried biomass was ground and sieved to a particle size between 1.0 and 1.5 mm.
To study the adsorption capacity of these biomasses, triplicate experiments were performed in batch type reactors, with orbital shaking at 150 rpm, in a controlled environment at 25 ±2 °C and pH = 5.5 ±0.1. The liquid was then filtrated using a cellulose filter. The presence of Pb(II) and Cr(VI) ions was quantified before and during the experiment at different times by Atomic Absorption Spectrophotometry (210-VGP Buck Scientifc for Pb(II), were prepared from Potassium chromate (K2CrO4) and Lead nitrate [Pb(NO3)2] respectively, in distilled water. The working proportion was 0.1 g of adsorbents and 50 mL of metal solutions. Subsequently, with the best of each pollutant absorbent, the absorption and kinetics curves were constructed.
Equilibrium and kinetics modeling
The Langmuir [22] and Freundlich [23] models are the most employed to describe the adsorption equilibrium. The linearized Langmuir isotherm equation is:
where
) is the supernatant concentration after the equilibrium of the system,
) is the Langmuir affinity constant and Qmax (mg g −1 ) is the maximum adsorption capacity of the material assuming a monolayer of adsorbate uptaken by the adsorbent.
The linearized Freundlich isotherm equation is:
where Kf is the Freundlich constant and n is the Freundlich exponent related to the adsorption intensity.
To fit the experimental kinetics data two models were used: the pseudo-first order equation [24] is expressed as:
where qe and qt (mg g −1 ) are the amount of cadmium sorbed at equilibrium and at time t (min), respectively and k1 (min −1 ) is the rate constant of the pseudo-first order equation. After integration and applying the boundary conditions, for qt = 0 at t = 0 and qt = qt at t = t, the equation becomes:
The pseudo-second order equation [25] is expressed as:
Integration of this equation, for the same boundary conditions, gives:
where k2 (g mg
) is the equilibrium rate constant of the pseudo-second order equation and k2qe ) is the initial adsorption rate.
Fourier transform -Infrared spectrometry studies
In order to investigate structural modifications in chemical functional groups due to the adsorption process, both adsorbents were analysed before and after the experiments using a Fourier Transform Infrared Spectrometer (FT-IR Nicolet 8700). The characteristic absorption bands of the different functional groups were adjudicated by studying the spectrum obtained and comparing them with those described in the bibliography [26] .
Desorption studies
In this case, desorption experiments were performed in order to contribute to elucidation of the processes involved in adsorption and to establish the possibilities of the adsorbent reuse.
For the recovering of the exhausted adsorbent, desorption should be carried out with a saturated solution of a salt, or a strong base or acid which is more efficient for the displacement of the adsorbed ion. The most effective desorbent agent will reveal a predominant mechanism whose equilibrium it was able to displace.
Desorption efficiencies of the following solutions were evaluated: Sodium hydroxide (NaOH) 0.1 M (pH = 12), Sodium chloride (NaCl) 0.1 M (pH = 5), Nitric acid (HNO3) 0.1 M (pH = 2) and distilled water (pH = 6.5).
For the experiments, a measured mass of five samples of each adsorbent loaded with phosphate were stirred with 50 mL of desorbent solution for 24 h.
Desorption percentage was calculated by eq. (7):
where Cd (mgL 
RESULTS AND DISCUSION
The comparative removal percentages obtained with the tested adsorbents from the solutions with lead and chromium are shown in Figure 1 . The adsorption capacities, the experimental removal percentages and the equilibrium concentrations obtained are shown in Table 1 .
Lead had reached a greater adsorption percentage than chromium with all the tested adsorbents. Wheat bran was selected as the most efficient adsorbent to remove lead, with an adsorption capacity of 24.7 mg g −1 . However, avocado and peanut peel, with 83% and 79% removal respectively, have good removal percentages so they can be studied in future work. For chromium, the highest removal percentage was obtained with banana peels, so they were selected as the best adsorbents for chromium, with adsorption capacity of 1.41 mg g −1 . Results from kinetic studies showed that the equilibrium time was 60 minutes in all cases. The saturation of the adsorbent was observed only with Pb(II) onto wheat bran at 60 mgL −1 . From Table 2 , it is clear that the pseudo second-order kinetics model fits better than the pseudo first-order model for both the adsorption processes studied. This could indicate that chemisorption is occurring. The pseudo second-order constant k2 decreases with the increase in metal concentration for both cases. From this table it can also be found that the calculated qe values with the pseudo second-order model were on par with the experimental qexp values for both the observed processes unlike the pseudo first-order equation. 
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Year 2018 Volume 6, Issue 2, pp [341] [342] [343] [344] [345] [346] [347] [348] [349] [350] The equilibrium data for the adsorption of both metals were fitted with the Langmuir and Freundlich isotherm models. It can be inferred from Table 3 that the maximum adsorption capacity (Qmax) and the Langmuir constant (b) were higher for the adsorption of Pb(II) than Cr(VI). This was because values of Qmax and b are directly proportional to the adsorption percentage. The Freundlich exponent (n) and Freundlich constant (Kf) were also higher for the adsorption of Pb(II) than Cr(VI). Here the value of n was between 1 and 10 which proves that the processes are favourable. Although the complex molecular structure of these biosorbents, the study of the FT-IR spectra obtained from the biomasses before and after the adsorption process permits to identify which of them are active during chemisorption by analyzing the position, width and intensity of their characteristic bands [27] . Figure 2 presents the FT-IR spectra obtained from the wheat bran before and after the adsorption of lead and Figure 3 presents the corresponding from banana peels before and after adsorption of chromium. In both cases, the following bands are noted: a broad band at frequencies between 3,500-3,300 cm −1 , assigned to intermolecular stretching O-H overlapped with N-H, two narrow bands at 2,900-2,800 cm −1 , assigned to asymmetric stretching C-H, a band at 1,700 cm −1 , assigned to asymmetric stretching of C = O, a band between 1,500 and 1,300 cm −1 , assigned to different symmetrical and asymmetrical scissor type overlapped vibrations of the groups CH3 and an intense band at 1,000 cm −1 , assigned to bending C-N. The decrease of the intensities and a slight variation in the adsorption frequency of all these bands would indicate that the carbonyl, amino and alcohol groups were preventing their vibrations modes due to the binding with the heavy metal ions. Similar results were observed by other authors [28] .
Several authors agree that one of the mechanisms involved in the adsorption of metal ions would be the exchange of protons or light metal with heavy metal ions taken from water [29] . This mechanism would be consistent with the results found in this study for adsorption of lead by wheat bran. For Cr(VI) instead, it is proposed that it is removed from the aqueous system through the banana peel by an indirect reduction mechanism. It is one of the widely accepted mechanisms for the removal of Cr(VI) using bioadsorbents under acidic conditions [30] . The indirect reduction mechanism consists of three steps:
• The Cr(VI) anionic binding to the positively charged groups present on the surface of the banana peel;
• The reduction of Cr(VI) to Cr(III) by adjacent electron donor groups;
• The release of Cr(III) reduced to the aqueous phase due to the electron repulsion with the positively charged groups, or the binding of Cr(III) with another adjacent group. The results of this study showed that chromium was retained on the surface of the material, so the amino and the carboxyl groups could participate in the mechanism described.
Results obtained by desorption of lead from wheat bran experiments showed that acid solution have the ability to release lead from its adsorptive bonds (Figure 4) . It is also observed that solutions with high sodium concentration can release lead from the surface of the adsorbent. These results agree with the hypothesis of the ion exchange adsorption model in the case of lead.
Desorption of chromium from the banana peels could not be detected with the tested solutions. This confirms the hypothesis of the irreversible reduction of chromium on the surface of the adsorbent. 
CONCLUSIONS
The highest removal percentage of lead was obtained with wheat bran. For chromium, the removal percentage was much lower compared with lead for all the tested biosorbents, the banana peel being the most efficient. The adsorption processes were described by the Langmuir and by the Freundlich models showing favourable adsorption behaviour. The experimental kinetics data from both systems were well fitted using the pseudo-second order model, with correlation coefficients above 0.99. The equilibrium concentration values calculated by this model were very close to those obtained in laboratory experiments. The equilibrium time was 60 minutes in all cases. Saturation of the adsorbent was observed with Pb(II) onto wheat bran at 60 mgL −1 . Despite the advantages, there are unresolved problems within the experimental applications of biomaterials as adsorbents. For example, in our study the Cr(VI) adsorption capacity obtained with the materials used is low, which implies the need to continue testing different materials to find those that are able to more effectively adsorb Cr(VI). Another question to be solved will be to quantify the magnitude of the interferences that the different pollutants produce on the surface of these new adsorbents, impeding a good efficiency in the adsorption. 
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